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A CRUSTAL MAGNETIZATION MODEL FOR THE MAGNETIC FIELD OF MARS: A PRELIMINARY STUDY
OF THE THARSIS REGION. L. L. Hoodand K. Hartdegen, Lunar and Planetary Lab, Universitrafona, Tucson AZ
85721.

Small observational limits on the Martiamagnetic di- 60
pole moment combinedavith scaling estimatedrom the
terrestrial case make it unlikely that Mars has an intrinsic
core-dynamo magnetiteld at present [1]However, a for-
mer coredynamo isallowed by thermal history models and
it is knownthat Martian crustal materiatontain abundant Y
iron oxide remanence carriers including titanomagnetite os
[2,3]. It may therefore be hypothesize¢dat a small crustal -30 ; ’
field existswhose origin is thermal remanent magnetization
acquired during the period of Martidmistory when acore =60 Er 0N i b bt il i,
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dynamofield was present [4,5]. Here, we report an initial
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quantitative investigation of thisypothesis by calculating
[==4

1N ENRER

ll][i‘f\?lllllill
(a) z = 2150 km

Illl[llllllllllllllllll_

o—lllllllllllllllllllllllLr

expected field amplitudeabovethe Tharsisregion assum-
ing a source region consisting of uniformly magnetized vol-
canic constructs. The calculated amplitudes at 300 km alti-
tudemay becompared with observed amplitudes when data 30
from the Mars Global Surveyor become available.

Forthe purpose of the presestidy, we adopt a model
for the Tharsisregion in whichthe elevatedopography is
due to theaccumulation of volcanic aterial supported by a
lithosphere whose rigidity increased with time [6]. As dis- =30
cussed in [6], subsidence tife Martian lithosphere in re-
sponse to theolcanic load wouldesult in a total thickness I T T T T
of volcanicmaterials thagreatly exceedthe ~10 km topo- —-180 -150 -120 -90 -80 -30
graphic relief ofthe region.Assuming a constant-density East Longitude
crust,gravity andtopographydataimply a crustal thickness
that is 35 to 50 km greater beneath 1l0ekm Tharsiglome
than beneath adjacent regions [7]. Hertbe, actual maxi- )
mum thickness of volcanic units beneath Tharsis could be asbP!€ 0 or greater than the width of the cell ~290 km). For
large as 50 km. In order to estimate thaximum volume simplicity, the magnetization direction was assumed to be
of a possible magnetignomaly source region consisting of uniformly northward forall units. Ineffect, possible rever-
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volcanically emplacedhaterials, we first estimateslumes ~ Sals of the Martiamlynamofield during the emplacement of
abovethe 0-km altitude level within 5° x 5° cells using a  1harsis volcanic constructs are neglected.
standardtopographicrelief map [8]. This was done sepa- Figure 1 showshe calculated field magnitude at two

rately for eactcell andfor that portion of each Amazonian  different altitudesabovethe western hemisphere of Mars.
geologicunit whose elevation exceeded 0 km. The resulting 1he Secondaltitude (300 km) was dsen to coincide
volume estimatescompare favorablywith more detailed ~ roughly with the nominal altitude of Margeophysical
volume determinations [9] wheadjustments are made for ~Mapping missions (Figurgb). At this altitude, the field is
differences in altitude of the assumed base plain. distinctly non-dipolar and maxima associated with individ-
We assume that thgolcanic constructs comprising the ual surface unitaire discernible. In particular, the largest
Tharsis risehave bulk magnetization levels comparable to a@nomalyhas an amplitude of 5 nT and is associated with
those measured for the SNC meteorites. After elimination of Olympus Mons. Whilethere are large uncertainties, the
samples showing evidender contamination bythe terres- ~ maximum field amplitudes shown in Figure 2b sugdleat
trial field during atmospheric entry, bulk magnetization crustal field anomaliesnay bemarginally detectable at an
intensities for shergottites and nakhlites are in the range 1-60rbital altitude of 300 km duringonospherically undis-

x 10° emu/gm [2,3]. Assuming a mean mass density of turbed periods on the night side of the plar&iccessful

3 gm/cm, the dipolemomentper unit volume is ~10' detection of crustal field anomalies associated with Tharsis
G-cntlem®. To computethe netmagnetic fieldabove the  volcanic constructs would confirtine inferencerom SNC
Martian surface, the fielghroduced bythe volume within meteorite studies of tlermer presence of Wars intrinsic

each 5° x 5° square was first calculated. This was done bydynamofield. Later dating ofanomaly sources asell as
representing the fieldource as a point dipole located at the younger unmagnetized volcanianits would impose a
center of each square at the 0 km elevation level. This pro-quantitative constraint on the therneafolution ofthe Mar-
cedure is a reasonable approximation at altituaespara tian interior.
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